U.S. Patent
Jul. 15, 1997 This invention relates to wire drawing dies of the type comprising a wear-resistant insert, such as a diamond insert or body, mounted in a suitable support.
Monocrystalline diamond wire drawing die inserts are extensively used in the industry. One of the drawbacks of monocrystalline diamond inserts for wire drawing dies is the fact that the inserts wear in a non-uniform pattern following crystallographic directions of lower wear resistance. As a consequence the cross section of the wire being drawn may change with time as the insert wears.
Further, monocrystalline diamond is intrinsically expen sive to produce in large quantities.
A further problem with synthetically produced monocrys talline diamond relates either to metallic inclusions or a metallic phase present in the diamond crystals due to the synthesis process. This metallic component may lead to thermal instability resulting in premature wear or cracking. Also presently used in the industry are wire drawing die inserts made of a polycrystalline diamond. This material does not present the preferential crystallographic wear pat tern of crystalline inserts. However, it contains a metal binding face in its matrix such as cobalt which introduces an element of thermal instability in this material. Due to the presence of this matrix the wear is not always sufficiently Smooth. To avoid these and other problems introduced by the metal phase in polycrystalline diamond (PCD), some work ers have resorted to leaching out the metal phase by chemi cal etching. Even this procedure presents disadvantages, however. First, it is difficult to achieve anything approxi mating complete and efficient removal of the metal phase.
Second, the leaching removes the metal, leaving voids and results in a porous PCD material, the strength of which decreases with increasing porosity. Third, a porous structure is more difficult to polish to a smooth surface finish than a dense polycrystalline body.
Processes are known whereby diamond is synthesised in the gas phase. These methods are known as chemical vapour deposition (CVD) and the diamond produced by such pro cesses is known as CVD diamond. These processes gener ally involve providing a mixture of hydrogen gas and a suitable gaseous carbon compound such as a hydrocarbon, applying sufficient energy to the gas to dissociate the hydro gen into atomic hydrogen and the gas into active carbon ions, atoms or CHradicals and allowing such active species to deposit on a substrate to form diamond. Dissociation of the gases can take place by a variety of methods such as hot filament, plasma assisted methods or plasma jet.
SUMMARY OF THE INVENTION
According to the invention, a wire drawing die blank comprises a polycrystalline CVD diamond body secured around its periphery to a support. A wire drawing die is produced from this blank by forming a hole through the body. 
DESCRIPTION OF EMBODIMENTS
The polycrystalline CVD diamond body will generally be in the form of a layer which typically has a thickness in excess of 0.5 mm. This layer or body will be mounted in a suitable support, as is known in wire drawing die technol ogy. The relatively random distribution of crystal orienta tions in the CVD diamond ensures more even wear during use of the insert. Moreover, the CVD diamond is free of metal inclusions and therefore has a high thermal stability.
The grain size of CVD diamond can be controlled from under 1 micron to over tens of microns. This capability allows for the grading of the dies for different drawing applications.
Dopant atoms such as boronatoms can be introduced into the CVD diamond during growth. Thus, for example, the addition of boron in concentrations in excess of 1200 ppm will increase very substantially the oxidation resistance, and hence life, of the CVD diamond body or layer. The growth process of CVD diamond can be tailored to produce layers with a preferred crystallographic orientation. This orientation can, for example, be (111), (110) or (100). It is known that the wear rate is strongly dependent on the orientation of diamond. Thus, the preferred orientation can be chosen to increase the wear resistance of the diamond body. For example, for diamond layers the orientation may be such that most of the crystallites have a (111) crystallo graphic axis in the plane of the layer.
The support for the CVD diamond body will typically be a cemented carbide or metal support. The insert will typi cally be secured around its periphery in the support by brazing, mechanically or a combination thereof.
The CVD diamond bodies may be produced by methods known in the art. For example, a self-supported layer can be prepared by either growing a CVD diamond layer on a substrate such as silicon or silicon carbide which is chemi cally etched away after growth, or by growing a CVD diamond layer on a metal substrate such as molybdenum to which the diamond layer will not adhere. In this latter case, the layer is simply removed from the substrate, after growth.
CVD diamond layers will generally be produced larger in area than that required for a wire drawing die. Such layers may be cut, for example, by laser cutting, into a variety of useful shapes such as hexagons, squares or discs, the sides of which may be tapered.
An alternative to laser cutting to produce the individual dies or blanks from a CVD diamond layer is the use of photolithography and dry etching such as plasma etching or reactive ion etching of the diamond. By way of example, when oxygen etching is used, after preparing the CVD diamond layer and removing it from the substrate, a layer of a suitable mask material such as titanium, chromium, gold, silicon dioxide or other material which will not degrade in an oxygen plasma environment, is deposited on a side, preferably the smooth side, of the plate by a conventional technique such as vacuum evaporation, plasma assisted chemical vapour deposition, sputtering or the like. This layer is then patterned by known photolithography and wet or dry etching techniques known in the semi-conductor field.
After the desired pattern has been formed on the masking layer, the diamond plate is introduced into a reaction cham 5,648,139 3 ber in which an oxidising atmosphere can be created, preferably by the excitation of plasma in an oxygen containing gas mixture. The diamond is removed in the regions or areas which are not masked.
In place of oxygen, other active gases may be used including halogens such as chlorine or fluorine, introduced in the gas mixtures using techniques known in the semicon ductor technology, Two embodiments of wire drawing dies of the invention are illustrated by FIGS. 1 and 2. Referring first to FIG. 1 , there is shown a wire drawing die comprising a polycrys talline CVD diamond layer 10 mounted in a support 12. The layer 10 has major flat surfaces 14, 16 on each of opposite sides thereof and is mounted in the support 12 such that the periphery 18 is well embedded therein. A hole 20 is formed through the layer 10 from the one major surface 14 to the other major surface 16. In use, wire is drawn through the hole.
The orientation of the diamond in the polycrystalline CVD diamond layer 10 may be such that most of the crystallites have a (111) crystallographic axis in the plane, i.e. parallel to the surfaces 14, 16, of the layer 10.
FIG. 2 illustrates a second embodiment. In this embodiment, a polycrystalline CVD diamond body 22 is secured to a support 24 by brazing the periphery 26 to the support. The braze is preferably a high temperature braze. A hole 28 is formed through the layer 22. This hole is axial or transverse to the general plane of the support.
The supports 12.24 will preferably be made of a suitable metal such as steel, but may also be made of cemented carbide.
FIG. 3 illustrates a product useful in producing a CVD diamond layer for either of the embodiments of FIGS. 1 and 2. A polycrystalline CVD diamond layer 30 is grown on a Substrate 32 using any known CVD polycrystalline diamond method. The substrate 32 has a plurality of ridges 34 which define the desired shape and size of the CVD diamond layer The product of FIGS. 4 and 5 can be fragmented into a number of squares 48, one of which is illustrated in FIG. 3 . Each square 48 will have a projection 44 centrally located in it. The substrate may then be removed from each square leaving a square plate of CVD polycrystalline diamond having a hole extending therethrough. This plate is useful as an insert for a wire drawing die.
The projections can take on any suitable shape such as that of a bollard. We claim:
1. A wire drawing die blank comprising a polycrystalline CVD diamond body comprised of a layer of polycrystalline CVD diamond having a concentration of boron dopant atoms in excess of 1200 ppm, wherein the orientation of the polycrystalline CVD diamond has most of the crystallites aligned with a (111) crystallographic axis in the plane of the layer, and a support to which the polycrystalline CVD diamond body is secured around its periphery.
2. A wire drawing die blank according to claim 1, wherein the layer of polycrystalline CVD diamond has a thickness; in excess of 0.5 mm.
3. A wire drawing die according to claim 1, wherein the periphery of the polycrystalline CVD diamond body is secured to the support by brazing.
4. A wire drawing die according to claim 1, wherein the periphery of the polycrystalline CVD diamond body is mechanically secured to the support. 5. A wire drawing die according to claim 1, wherein the periphery of the polycrystalline CVD diamond body is secured to the support mechanically and by brazing.
6. A wire drawing die blank according to claim 1, wherein the material of the support is selected from metal and cemented carbide. 7. A wire drawing die comprising a wire drawing die blank according to claim 1, having a hole formed through the polycrystalline CVD diamond body.
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